Possible role of 5'AMP-activated protein kinase in the metformin-mediated arrest of bovine oocytes at the germinal vesicle stage during in vitro maturation.
The 5'AMP-activated protein kinase (AMPK) activation is involved in the meiotic maturation of oocytes in the ovaries of mice and pigs. However, its effects on the oocyte appear to be species-specific. We investigated the patterns of AMPK and mitogen-activated protein kinases (MAPK3/1) phosphorylation during bovine in vitro maturation (IVM) and the effects of metformin, an AMPK activator, on oocyte maturation in cumulus-oocyte complexes (COCs) and denuded bovine oocytes (DOs). In bovine COCs, PRKAA Thr172 phosphorylation decreased, whereas MAPK3/1 phosphorylation increased in both oocytes and cumulus cells during IVM. Metformin (5 and 10 mM) arrested oocytes at the GV stage in COCs but not in DOs. In COCs, this arrest was associated with the inhibition of cumulus cell expansion, an increase in PRKAA Thr172 phosphorylation, and a decrease in MAPK3/1 phosphorylation in both oocytes and cumulus cells. However, the addition of compound C (10 muM), an inhibitor of AMPK, accelerated the initiation of the GV breakdown (GVBD) process without any alteration of MAPK3/1 phosphorylation in oocytes from bovine COCs. Metformin decreased AURKA and CCNB1 protein levels in oocytes. Moreover, after 1 h of IVM, metformin decreased RPS6 phosphorylation and increased EEF2 phosphorylation, suggesting that protein synthesis rates were lower in oocytes from metformin-treated COCs. Most oocytes were arrested after the GVBD stage following the treatment of COCs with the MEK inhibitor, U0126 (100 micromoles). Thus, in bovine COCs, metformin blocks meiotic progression at the GV stage, activates PRKAA, and inhibits MAPK3/1 phosphorylation in both the oocytes and cumulus cells during IVM. Moreover, cumulus cells were essential for the effects of metformin on bovine oocyte maturation, whereas MAPK3/1 phosphorylation was not.